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TECHNICAL FIELD OF THE INVENTION 

This invention relates to novel linear peptides and mixtures thereof useful for detecting and quantifying HCV 
infections. These peptides are also useful as active ingredients in vaccines against HCV infections. 

5 

BACKGROUND OF THE INVENTION 

In 1973, a new terminology, non-A, non-B hepatitis (NANB), was introduced to describe a form of hepatitis 
which was not associated with either the hepatitis A or the hepatitis B viruses. NANB was presumed to be 

10 caused by more than one agent. Indeed, two new viruses responsible for the transmission of hepatitis have 
since been identified. The first one, hepatitis E virus, is transmitted by contaminated water as is the hepatitis 
A virus. The second one, hepatitis C virus (HCV), similar to the hepatitis B virus, is transmitted mainly through 
infected blood. Hepatitis C is by far the most common form of viral hepatitis encountered in patients who are 
seronegative for hepatitis A and B. 

is Transfusion-associated hepatitis continues to be reported despite massive efforts to identify and eliminate 
all hepatitis virus infected blood donations. Asymptomatic carriers are common and they frequently progress 
towards cirrhosis and hepatocellular carcinoma within 10 to 30 years after infection. Depending on the country 
where it is found, HCV infections account for 50% to 90% of all post-transfusion hepatitis cases and Indeed 
HCV poses a major public health problem worldwide. 

20 Until recently, attempts to identify and isolate HCV were unsuccessful. Two American stud ies demonstrated 
that NANB infected sera were often found to have elevated alanine aminotransferase (ALT) activity or were 
positive for core antigen antibody of the hepatitis B virus (anti-HBc). Accordingly, in 1987, it was decided to 
screen all blood donations for both ALT and anti-HBc. These tests are believed to have prevented as much as 
50% of transfusion-associated NANB hepatitis. 

25 In 1989, HCV was identified and cloned (Choo et al. Science, 244, 349-362, 1989). HCV, a single stranded 

RNA virus of 1 0 kb, Is a distant relative of the flavivirases. The sequence of HCV RNA and comparison of that 
RNA to flavfvirus RNA has permitted a general organization of HCV to be proposed. HCV RNA is believed to 
be read into a single precursor protein which is cleaved into 7 or 8 smaller protein fragments. The first zone of 
the precursor is believed to include three structural protein molecules called C (core), M (membrane) and E 

30 (envelope). However, the M and E proteins might be fused in a single protein. The second zone of the precursor 
includes five non-structural proteins named NS t to NS 5 . NS 2 is presumably a protease and NS 5 is probably the 
RNA polymerase. 

Several diagnostic teste for HCV using regions of the HCV viral proteins have been developed (e.g., Kuo 
et al. Science, 244, 362-364, 1989). One such test uses a protein fragment designated C100-3. It is a fused- 

35 protein containing the NS 3 and NS 4 non-structural proteins. In an ELISA this protein has not been shown to be 
100% effective. For example, various reports indicate that the test detects only 10%-29% of the clinically diag- 
nosed acute cases of HCV less than 90 days after infection, and onfy between 67% and 85% of the clinically 
diagnosed cases of chronic HCV (HCV Learning Guide; Abbott Diagnostics Educational Services, April 1990; 
Kuo et ah Science, 244, 362-364, 1989; Esteban et al. Lancet 2, 294-296, 1969; van der Poel et al. Lancet 2, 

40 297-298, 1989; Janot et al. Lancet 2, 796-797, 1989; Bruix et aL Lancet 2, 1004-1006, 1969; Colombo et al. 
Lancet 2, 1006-1008, 1989). Thus, these assays do not display sufficient sensitivity to be useful in a HCV 
screening program. 

The specificity of these HCV assays is also unacceptably low. Some false positive have been attributed 
to reactions with superoxide dismutase (the HCV C100-3 protein fragment used in the assay is expressed as 

4$ a fusion protein with superoxide dismutase, SOD) (ikeda et al. Lancet, 335:1345-6, 1990), to reactions to a 
rheumatoid factor (Theilman et al. Lancet, 335, 1 346, 1 990) or to a state of hyperglobulinemia, which is typically 
associated with autoimmune chronic active hepatitis (McFariane et al. Lancet, 335, 754-757, 1990; Boudart et 
al. Lancet. 336, 63, 1990). 

In an attempt to improve the sensitivity and specificity of the assays based on C100-3, a recombinant inv 

5a munoblot assay (RIBA; Chiron-Ortho) has been developed. This test employs two HCV antigens; the recom- 
binant HCV protein C 100-3 (which is also called C-100) and the 5-1-1 fragment of C-100 (this gene product 
covers the Oterminal end of NS 3 and a portion of the N-terminal end of NS 4 ). SOD is used as a control. The 
5-1*1 antigen is produced In E.coli as an SOD fusion. The O100 peptide Is produced In yeast, also as an SOD 
fusion. Using RIBA to confirm ELISA screening (using C100-3) of a low-risk population, specifically United 

55 States blood donors, only 1 9% of all ELISA repeat positive samples were also found positive by RIBA and 20% 
were Indeterminate (Menitove et al. Lancet, 336, 243-244, 1990). 

More recently, another dot-blot assay for HCV was developed by Abbott Laboratories. In this assay, four 
purified recombinant antigens are spotted on discrete locations on a piece of nitrocellulose paper. One antigen 
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(SOD-C-100) is produced in yeast cells and the other three (C-100, HCV core protein and 33c) are produced 
in E.coli as fusions with CMP-KDO synthetase (CKS). The 33c antigen includes a large portion of the NS3 pro- 
tein, Mimms et at. (Lancet, 336. 1590-1591, 1990) have reported results obtained when this test was used on 
153 samples found to be HCV positive by EUSA with C 100-3. Only half (75) of the samples were found reactive 
5 with the two C-100 gene products - the SOD-C 100-3 fusion and the C-100-CKS fusion. The other samples 
either did not react with any of the four antigens (62) or reacted non-specificaily with SOD-C-100 fusion pro- 
duced In yeast (16). 

From the above it can be seen that the recombinant antigen based HCV diagnostic tests now available 
display poor sensitivity and poor selectivity. They miss a large proportion (15% to 33%) of the chronic cases 
10 of HCV and a larger proportion (70% to 90%) of the acute cases. Some 50% of the samples detected are false 
positives. Furthermore, immunoblot assays are too expensive and laborious for routine screening in blood 
banks. There is, thus, a definite need to develop a more sensitive and more specific test for the diagnosis of 
HCV infections, 

15 SUMMARY OF THE INVENTION 

This invention solves the above problems. It provides an HCV diagnostic test based on specific HCV pep- 
tides and mixtures thereof. 

The peptides of this invention are selected from the group consisting of: 
20 (i) 





(SEQ 


ID 


NO:l) 


a - MSTNPKPQRKTKRNTNRRPQDVKFPG -b 


(BCH-423) 




(SEQ 


ID 


NO:5) 


a - PQDVKFPGGGQIV - b 


(BCH-436) 


25 


(SEQ 


ID 


NO:6) 


a - KRNTNRRPQDVKFPGGGQIV -b 


(BCH-437) 




(SEQ 


ID 


NO: 7) 


a * KPQRKTKRNTNRRPQDVKFPGGGQI V - b 


(BCH-438) 




(SEQ 


ID 


N0:8) 


a-MSTNPKPQRKTKRNTNHRPQDVKFPGGGQIV-b 


(BCH-439) 


30 


(SEQ 


ID 


NO: 10) 


a-RGSRPSWGPNDPRRRSRNLGKVIDTLT-b 


(BCH-443) 




(SEQ 


ID 


NO: 11) 


a-KFPGGGQIVGGVYUJ?RRGPRIjGV-b 


(BCH-446) 




(SEQ 


ID 


NO: 12) 


a - RGRBtQPI PKARRPEGRTWAQPGY - b 


(BCH-448) 


35 


(SEQ 


ID 


NO: 14) 


a - GPRLGVRATRKTS ERSQPRGRRQPI - b 


(BCH-461) 


(SEQ 


ID 


NO: 13) 


a-SSIVYEAADVIMHAPGSVPSVR-b 


(BCH-458) 



and analogues thereof; 
wherein: 

40 a is an amino terminus, one to eight amino acids or a substituent effective to facilitate coupling or 

to improve the immunogenic or antigenic activity of the peptide; and 

b is a carboxy terminus, one to eight amino acids or a substituent effective to facilitate coupling or 
to improve the immunogenic or antigenic activity of the peptide; and 
(ii) tandem peptides having the formula: 
45 a-X-c-Z-b 
wherein: 

X and Z are independently selected from the group of amino acid sequences consisting of: 
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(SEQ 


ID 


NO:l) 


- MSTOPKJPQRKTKRNTNRRPQDVKFPG - 


(BCH-423) 


(SEQ 


ID 


NO: 5) 


- PQDVKFPGGGQI V - 


(BCH-436) 


(SEQ 


ID 


N0;6) 


-KRNTNRRPQDVKFPGGOQIV* 


(BCH-437) 


(SEQ 


ID 


N0:7) 


- KPQRKTKRNTNRRPQDVKFPGGGQI V - 


(BCH-438) 


(SEQ 


ID 


NO: 8) 


-HSTNPKPQRKTKRNTNRRPQDVKFPGGGQIV- 


(BCH-439) 


(SEQ 


ID 


NO: 10) 


-RGSRPSWGPNDPRRRSRNLGKVIDTLT- 


(BCH-443) 


(SEQ 


ID 


NO: 11) 


-KFPGGGQIVGGVYIXPRRGPRLGV- 


(BCH-446) 


(SEQ 


ID 


NO: 12) 


-RGRRQPIPKARRPEGRTWAQPGY - 


(BCH-448) 


(SEQ 


ID 


NO: 14) 


- G PRLGVRATRKT S ERSQPRGRRQP I - 


(BCH-461) 


(SEQ 


ID 


NO: 13) 


-SSIWEAADVIMHAPCSVPSVR- 


(BCH-458) 



analogues thereof and fragments thereof comprising blocks of at least six consecutive amino acids of the 
amino acid sequence of X and Z and their analogues; 
a and b are as defined above; and 
20 c, if present, is a linker of one or two amino acids or a substltuent effective to facilitate coupling of 

the two peptides of the tandem or to improve the immunogenic or antigenic activity of the tandem peptide. 
The peptides and mixtures thereof of this invention are useful for the screening of blood and body fluids 
for HCV infection and in the preparation of safe, effective vaccines against HCV. For example, the peptides of 
this invention and mixtures thereof are useful in a wide variety of specific binding assays for the detection of 
2$ antibodies to HCV, as immunogens for eliciting antibodies useful for the detection of HCV antigens and in the 
preparation of vaccines against HCV viral infections. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 Figure 1 depicts the amino acid sequence of the putative core gene product of HCV as described in 

Takeuchi et ah Nucleic Acids Res., 18, 4626, 1990). 

Figure 2 depicts the amino acid sequence of the putative envelope gene product as described In Takeuchi 
al (supra) . 

Figure 3 depicts the amino acid sequences of the peptides of this Invention and various other peptides prep- 
35 ared for comparative purposes. The location of the peptides In the sequences of Figures 1 and 2 are also in- 
dicated. The cysteine residue in positions 207. 226 and 229 (BCH-427 (SEQ ID NO: 2), BCH-429 (SEQ ID NO: 
3) and BCH-458 (SEQ ID NO: 13)) was replaced by a serine residue. 

In Figures 1-3, the amino acid residues of the sequences are given using the following single letter code: 
A=ala, C=cys, D=asp, E=glu, F=phe, G=gly, H=his, Nile, KMys, L=leu, M=met, N=asn, P=pro, Q=gln, R=arg, 
40 S=ser, T^thr, V=vaJ, W=trp, Y=tyn 

DESCRIPTION OF THE INVENTION 

The present invention provides novel peptides and analogues thereof corresponding to immunodominant 
45 regions of the putative core gene products of HCV. One peptide covering a reactive region of the putative en- 
velope protein of HCV Is also described. The present invention also provides mixtures and chemical combi- 
nations (tandems) of these peptides and analogues. As will be plain from the following description, these 
peptides, analogues, mixtures and tandems are useful in a wide variety of diagnostic and preventive methods, 
means and compositions with respect to HCV and the infections caused by it 
so As set forth above, the peptides of this invention are selected from the group consisting of: 
(i) 
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10 



15 



(SEQ 


ID 


NO:l) 


a - MSTNPKPQRKTKRNTNRRPQDVKFPG -b 


(BCH-423) 


(SEQ 


ID 


NO:5) 


a-PQDVKFPGGGQIV-b 


(BCH-436) 


(SEQ 


ID 


NO: 6) 


a-KRNTNRRPQDVKFPGGGQIV-b 


(BCH-437) 


(SEQ 


ID 


NO: 7) 


a - KPQRKTKRNTNRRPQDVKFPGGGQIV-b 


(BCH-438) 


(SEQ 


ID 


N0:8) 


a-MSTNPKPQRKTKRNTNRRPQDVKFPGGGQIV-b 


(BCH-439) 


(SEQ 


ID 


NO: 10) 


d-RGSRPSWGPNDPRRRSRNLGKVIDTLT-b 


(BCH-443) 


(SEQ 


ID 


NO: 11) 


a - KFPGGGQIVGGVYLLPRRGPRLGV - b 


(BCH-446) 


(SEQ 


ID 


NO: 12) 


a - RGRRQPI PKAKRPEGRTWAQPGY - b 


(BCH-448) 


(SEQ 


ID 


NO: 14) 


a * GPRLGVRATRKTSERSQPRGRRQPI -b 


(BCH-461) 


(SEQ 


ID 


NO: 13) 


a-SSIVYEAADVIMHAPGSVPSVR-b 


(BCH-458). 



and analogues thereof wherein: 

a is an amino terminus, one to eight amino acids or a substituent effective to facilitate coupling or 
to improve the immunogenic or antigenic activity of the peptide; and 
20 b is a carboxy terminus, one to eight amino acids or a substituent effective to facilitate coupling or 

to improve the Immunogenic or antigenic activity of the peptide; and 
(ii) tandem peptides having the formula: 

a-X-c-Z-b 

wherein: 

25 X and Z are independently selected from the group of amino acid sequences consisting of: 

(SEQ ID NO:l) - MSTNPKPQRKTKRNTNRRPQDVKFPG - (BCH-423) 

(SEQ ID NO: 5) -PQDVKFPGGGQIV- (BCH-436) 

30 (SEQ ID NO:6) - KRNTNRRPQDVKFPGGGQIV - (BCH-437) 

(SEQ ID NO: 7) - KPQRKTKRNTNRRPQDVKFPGGGQIV - (BCH-438) 

(SEQ ID NO: 8) - MSTNPKPQRKTKRNTNRRPQDVKFPGGGQI V - (BCH-439) 

^ (SEQ ID NO: 10) - RGSRPSWGPNDPRRRSRNLGKVIDTLT - (BCH-443) 

(SEQ ID NO: 11) - KFPG . . GQX VGGVlfLLPRRGPRLGV - (BCH-446) 

(SEQ ID NO: 12) -RGRRQPIPKARRPEGRTWAQPGY - (BCH-448) 

40 (SEQ ID N0:14) -GPRLGVRATRKTSERSQPRGRRQPI - (BCH-461) 

(SEQ ID NO: 13) -SSIVYEAADVIMHAPGSVPSVR- (BCH-458) 

analogues thereof and fragments thereof comprising blocks of at least six consecutive amino acids of the 
45 amino acid sequence of X and Y and their analogues; 
a and b are as defined above; and 

c, if present, is a linker of one or two amino acids or a substituent effective to facilitate coupling of 
the two peptides of the tandem or to improve the Immunogenic or antigenic activity of the tandem peptide. 
As used herein, "analogues" denote amino acid insertions, deletions, substitutions and modifications at one 
eo or more sites in the peptide chain in that portion of it that consists of the block of the naturally occurring HCV 
amino acid sequences. 

Preferred modifications and substitutions to the native amino acid sequence of the peptides of this invention 
are conservative ones (i.e., those having minimal influence on the secondary sfructure and hydropathic nature 
of the peptide). These include substitutions such as those described by Dayhoff in the Atlas of Protein Sequence 
55 and Structure 5, 1978 and by Argos in EMBO J., 8, 779-785, 1 089. For example, amino acids belonging to one 
of the following groups represent conservative changes: ala, pro, giy, glu, asp, gin, asn, ser, thr, cys, ser, tyr, 
thr, val, ile, leu, met, ala, phe; lys, arg, his; and phe, tyr, trp, his. 

In like manner, methionine, an amino acid which is prone to oxidation, may be replaced In the peptides of 
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this Invention by norieucine. The preferred substitutions also include substitutions of Olsomers for the corre- 
sponding L-amino acids. 

The term "amino acid" as employed in this description (e.g., in the definition of a and b and analogues) 
except when referring to the native amino acid sequence of the gene products of HCV, encompasses all of the 
s natural amino acids, those amino acids in their D-configurations, and the known non-native, synthetic, and mod- 
ified amino acids, such as homocysteine, ornithine, norieucine and p-vallne. 

As set forth briefly above, it is often useful and certainly within the scope of this invention to modify the 
peptides of this invention in order to make the chosen peptide more useful as an immunodiagnostic reagent 
or as an active Ingredient of a vaccine. Such changes, for example, include: 
10 - addition of a cysteine residue to one or both terminals in order to facilitate coupling of the peptide to a 
suitable carrier with heterobifunctional cross-Jinking reagents, such as sulfosucc[n!mIdyl-4-(p-maleimi- 
dophenyl) butyrate. Preferred reagents for effecting such linkages are sulfosuccinimidyl-4-(N-maleimi- 
domethyl)cydohexane-1-carboxylatB and NI-succinimidyl-3-(2-pyridytdithlo)propionate; 

- addition of 1 to 8 additional amino acids at one or both terminals of the peptide to facilitate linking of the 
15 peptides to each other, for coupling to a support or larger peptide or protein or for modifying the physical 

or chemical properties of the peptide. Examples of such changes are the addition of N- or C-terminaJ 
tyrosine, glutamic acid or aspartic acid as linkers via an estertflcatfon reaction and lysine which can be lin- 
ked via Schiff base or amide formation. As described above, such additional amino acids may Include any 
of the natural amino acids, those amino acids in their D-conflguratlons and the known non-native, synthetic 
20 and modified amino acids; and 

- derealization of one or both terminals of the peptide by, for example, acylation or amidation. These mod- 
ifications result in changes in the net charge on the peptide and can also facilitate covalent linking of the 
peptide to a solid support, a carrier or another peptide. Examples of the substhuents effective to facilitate 
coupling or to improve the immunogenicity or antigenic activity of the peptide are QrCie acyi groups, 

26 polyethylene glycol and phospholipids. 

As reflected in (ii) above, it Is within the scope of this invention to employ tandem peptides. These peptides 
may be homopolymers or copolymers. Physical mixtures of the peptides and tandem peptides of this invention 
are also within its scope. 

The preferred peptides of this invention are BCH-423 (SEQ ID NO:1) f BCH-437 (SEQ ID NO:6), BCH438 
30 (SEQ ID NO:7) and BCH-439 (SEQ ID NO:8). The most preferred peptide of this Invention Is BCH-438 (SEQ 
ID NO:7). The preferred peptide mixture and tandems of this invention contains at least BCH-438 (SEQ ID 
NO:7). More preferably, they contain BCH-438 (SEQ ID NO:7) and BCH-461 (SEQ ID NO:14). 

An unexpected advantage of the peptides and mixtures of this invention is their high sensitivity. They are 
capable of detecting HCV-specrfic antibodies in the majority and sometimes in all of confirmed seropositive 
36 samples present in commercial panels sold for the assessment of the performance of HCV diagnostic kits. 
Another advantage of the peptides and mixtures of this invention is their high specificity. For example, using 
BCH-437 (SEQ ID NO:6) or BCH-438 (SEQ ID NO:7) no false-positives were recorded when sixty-three sam- 
ples taken from the normal blood donor population were tested. 

In addition to their use in HCV diagnostic means, methods and compositions the peptides of this invention 
40 and mixtures thereof are also useful in vaccines against HCV infections. 

To prepare the novel peptides of this invention any of the conventional peptide production methodologies 
may be used. These include synthesis, recombinant DN A technology and combinations thereof. We prefer solid 
phase synthesis. 

In that synthetic approach, the resin support may be any suitable resin conventionally employed in the art 
45 for the solid phase preparation of peptides. Preferably, it is a p-benzyloxy-alcohol polystyrene or p-methylberv 
zyhydrylamine resin. Following the coupling of the first protected amino acid to the resin support, the amino 
protecting group is removed by standard methods conventionally employed in the art After removal of the amino 
protecting group, the remaining protected amino acids and, if necessary, side chain protected amino acids are 
coupled, sequentially, in the desired order to obtain the chosen peptide. Alternatively, multiple amino acid 
so groups may be coupled using solution methodology prior to coupling with the resin-supported amino acid se- 
quence. 

The selection of an appropriate coupling reagent follows established art For instance, suitable coupling 
reagents are N.N'-dilsopropylcarbodiimide or N.N'-dicydohexylcarbodiimide (DCC) or preferably, benzotrtazol- 
1-yloxy-tris (dmethylamino) phosphonium hexafluoro-phosphate either alone more or preferably in the pre- 
ss sence of 1-hydroxybenzotriazole. Another useful coupling procedure employs pre-formed symmetrical 
anhydrides of protected amino acids. 

The necessary a-amino protecting group employed for each amino acid introduced onto the growing 
polypeptide chain is preferably 9-fluorenylmethyloxycarbonyl (FMOC), although any other suitable protecting 
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group may be employed as long as it does not degrade under the coupling conditions and is readily and selec- 
tively removable in the presence of any other protecting group already present in the growing peptide chain. 

The criteria for selecting protecting groups for the side chain amino acids are: (a) stability of the protecting 
group to the various reagents under reaction conditions selective for the removal of the ct-amino protecting 

6 group at each step of the synthesis; (b) retention of the protecting group's strategic properties (i.e., not be split 
off under coupling conditions) and (c) removability of protecting group easily upon conclusion of the peptide 
synthesis and under conditions that do not otherwise affect the peptide structure. 

The fully protected resin-supported peptides are preferably cleaved from the p-benzyloxy alcohol resin with 
50% to 60% solution of trifluoroacetic acid in methylene chloride for 1 to 6 hours at room temperature in the 

10 presence of appropriate scavengers such as anisole, thloanlsole, ethyl methyl sulfide, 1,2-ethanedithiol and 
related reagents. Simultaneously, most acid labile side chain protecting groups are removed. More acid resis- 
tant protecting groups are typically removed by HF treatment. 

The peptides of the present invention are useful as diagnostic reagents for the detection and quantification 
of HCV associated antibodies in accordance with methods well-known in the art. These include ELISA, 

15 hemagglutination, single-dot and multi-dot assay methods (e.g., RIBA). 

A preferred convenient and classical technique for the determination of antibodies against HCV using a 
peptide or a peptide mixture of this Invention is an enzyme-linked immunosorbent assay (ELISA). In this assay, 
for example, a peptide or mixture of this invention is adsorbed onto, or covalently coupled to, the wells of a 
mlcrotiter plate. The wells are then treated with the sera or analyte to be tested. After washing, anti-human IgG 

20 or anti-human IgM labeled with peroxidase is added to the wells. The determination of the peroxidase is per- 
formed with a corresponding substrate, e.g., 3,3 r ,5 t 5 r -tetramethyl benzidine. Without departing from the useful- 
ness of this illustrative assay, the peroxidase can be exchanged by another label, e.g., by a radioactive, 
fluorescence, chemiluminescence or infra-red emitting label. 

Another method for the determination of the presence of antibodies against MOV in a test sample or sera 

25 with the peptides and mixtures of this invention is an enzyme immunological test according to the so-called 
"Double-Antigen-Sandwich-Assay", This method is based on the work of Maiolini, as described in Immunologi- 
cal Methods, 20, 25-34, 1978. According to this method, the serum or other analyte to be tested is contacted 
with a solid phase on which a peptide of this invention has been coated (capture layer) and with a peptide of 
this invention which has been labeled with peroxidase or other signal (probe layer). 

30 The immunological reaction can be performed in one or two steps. If the immunological reaction is perfor- 
med in two steps, then a washing step is typically carried out between the two Incubations. After the immunologi- 
cal reaction or reactions, a washing step is also usually performed. Thereafter, the peroxidase or other signal 
is determined, e.g., using o-phenyiene diamine for peroxidase. Other enzymes and chromogens, including 
those already described, can also be employed in this assay. 

35 Suitable solid phases for use in the above-described assays and assay methods include organic and in- 
organic polymers, e.g., amylases, dextrans, natural or modified celluloses, polyethylene, polystyrene, polyac- 
rylamides, agaroses, magnetite, porous glass powder, polyvinyidiene fluoride (kynar) and latex, the inner wall 
of test vessels (i.e., test tubes, titer plates or cuvettes of glass or artificial material) as well as the surface of 
solid bodies (i.e., rods of glass and artificial material, rods with terminal thickening, rods with terminal lobes or 

40 lamellae). Spheres of glass and artificial material are especially suitable as solid phase carriers. 

The peptides of this invention and mixtures of them are not only useful in the determination and quantifi- 
cation of antibodies against HCV. They are also useful for the determination and quantification of HCV antigens 
themselves because the peptides of this invention, either free, polymerized or conjugated to an appropriate 
carrier are useful in eliciting antibodies, in particular and preferably monoclonal antibodies, immunologically 

4$ cross reactive to antigens of HCV. Such antibodies, for example, can be produced by injecting a mammalian 
or avian animal with a sufficient amount of the peptide to elicit the desired immune response and recovering 
said antibodies from the serum of said animals. Suitable host animals for eliciting antibodies include, for 
example, rabbits, horses, goats, guinea pigs, rats, mice, cows, sheep and hens. Preferably, hybrfdomas pro- 
ducing the desired monoclonal antibodies are prepared using the peptides of this invention and conventional 

so techniques. 

For example, the well-known Kohler and Milstein technique for producing monoclonal antibodies may be 
used. In order to distinguish monoclonal antibodies which are directed against the same antigen, but against 
different epitopes, the method of Stahli et al. (J. of Immunological Methods, 32, 297-304, 1980) can be used. 

Various methods which are generally known can be employed in the determination or quantification of HCV 
55 or a portion thereof using the above antibodies. In one such procedure, known amounts of a serum sample or 
other analyte to be assayed, a radiolabeled peptide or mixture of this invention and an unlabeled peptide or 
mixture of this invention are mixed together, a given amount of an antibody to a peptide of this invention, pref- 
erably a monoclonal antibody, is added and the mixture allowed to stand. The resulting antibody/antigen com- 
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plex is then separated from the unbound reagents by procedures known In the art such as treatment with am- 
monium sulphate, polyethylene glycol, a second antibody either in excess or bound to an insoluble support, or 
dextran-coated charcoal. 

The concentration of the labeled peptide is then determined in either the bound or unbound phase and the 
5 HCV antigen content of the sample determined by comparing the level of labeled component to a standard curve 
in a manner known per se. 

Another suitable method for using these antibodies in assays is the "Double- Antibody-Sandwich-Assay". 
According to this assay, the sample to be tested is treated with two different antibodies, e.g., raised by immuni- 
zing different animals, e.g., sheep and rabbits with a peptide of this invention or a mixture or combination there- 
to of. One of the antibodies is labeled and the other Is coated on a solid phase. The preferred solid phase Is a 
plastic bead and the preferred label is horse-radish peroxidase. 

Typically in the "Double-Antibody-Sandwich-Assay", the sample is incubated with the solid phase antibody 
and the labeled antibody. However, it is also possible to contact the sample first with the solid phase antibody 
and, then after an optional washing, to contact the sample with the labeled antibody. Preferably, however, the 
15 sample is treated together with the solid phase and the labeled antibody* After the Immunological reaction(s), 
the mixture is washed and the label Is determined according to procedures known in the art In the case where 
peroxidase is used as the label, the determination maybe performed using a substrate, e.g., with o-phenylene 
diamine or with tetramethylbenzidine. The amount of the labeled component is proportional to the amount of 
the antigen(s) present in the analyte or serum sample. 
20 The methods and assays for the determination and quantification of HCV antigens or antibodies against 
this virus, as described above, can also be conducted in suitable test kits characterized by a peptide or mixture 
of this invention, or antibodies against HCV elicited by those peptides and mixtures. 

As described above, the peptides and mixtures of this invention are also useful as the active component 
of vaccines capable of inducing protective Immunity against HCV in hosts susceptible to infection with this virus, 
25 Routes of administration, antigen doses and number and frequency of injections wBI vary from individual to in- 
dividual and will parallel those currently being used in providing immunity to other viral infections. For example, 
the vaccines of this invention are pharmaceutical^ acceptable compositions containing at least one peptide or 
mixture of this invention in an amount effective In a mammal, Including a human, treated with that composition, 
to raise antibodies sufficient to protect the treated mammal from an HCV infection for a period of time. 
so The vaccines are prepared in accordance with known methods. The vaccine compositions of this Invention 
may be conveniently and conventionally combined with physiologically acceptable carrier materials, such as 
pharmaceutical grade saline, tetanus toxoid, and keyhole limpet hemocyanin. The vaccine compositions of this 
invention may also contain adjuvants or other enhancers of immune response, such as alum preparations, lipo- 
somes or immunomodulators. Furthermore, these vaccine compositions may comprise other antigens to pro- 
35 vide immunity against other viruses (e.g., Hepatitis B virus, HIV-1 and HIV-2, cytomegalovirus) or pathogens 
in addition to HCV. The amount of these other antigens is again dependent on the mammal to be treated and 
the course of the disease. However, the antigen should be present in an amount effective to raise antibodies 
sufficient to protect the treated mammal from that pathogen or virus for a period of time. 

General procedures for the synthesis and utilization of the peptides of this invention are provided below. 

40 

Procedure 1: 

Preparation of Resins Carrying the N-FMOC protected Amino Acid Residue 

45 The desired N-FMOC protected amino acid residue in a mixture of methylene chloride (CHjCIJ and di- 
methylformamide (DMF) (4:1) was added to a suspension of p-benzyloxy alcohol resin in CH 2 CI 2 :DMF (4:1) at 
0°C. The mixture was stirred manually for a few seconds and then treated with N,N'-dicydohexyl-cart)odiimide 
(DCC) followed by a catalytic amount of 4-(dimethylamlno) pyridine. The mixture was stirred at 0°C for an ad- 
ditional 30 minutes and then at room temperature overnight. The filtered resin was washed successively with 

so CH 2 CI 2 , DMF and isopropanol (3 washes each) and finally, with CH 2 CI 2 . The resin was suspended in CH 2 CI 2 , 
chilled in an ice bath and redistilled pyridine was added to the stirred suspension, followed by benzoyl chloride. 
Stirring was continued at 0°C for 30 minutes and then at room temperature for 60 minutes. After filtration, the 
resin was washed successively with CH 2 CI 2 , DMF and isopropanol (3 washes each) and finally with petroleum 
ether (twice) before being dried under high vacuum to a constant weight. Spectrophotometric determination of 

55 substitution according to Meienhofer et al. (Int. J. Peptide Protein Res., 13, 35, 1979) indicates the degree of 
substitution on the resin. 
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Procedure 2: 

Coupling of Subsequent Amino Acids 

6 The resin carrying the N-FMOC protected first amino acid residue was placed in a reaction vessel of a 
Biosearch 9600 Peptide Synthesizer and treated as follows: 

1) Washed with DMF (4 times for 20 sec. each) 

2) Prewashed with a 30% solution of piperidine in DMF (3 min.) 

3) Deprotected with a 30% solution of piperidine in DMF (7 min.) 
10 4) Washed with DMF (8 times for 20 sea each) 

5) Checked for free amino groups - Kaiser Test (must be positive) 

6) The peptide resin was then gently shaken for 1 or 2 hrs with 8 equ ivalents of the desired FMOC-protected 
amino acid and 1-hydroxybenzotriazole and benzotriazol-l-yioxy-tris(dimethyl-amino) phosphonium 
hexafluorophosphate all dissolved in dry redistilled DMF containing 1 6 equivalents of 4-methylmorpholine. 

15 7) Washed with DMF (6 times for 20 sec. each) 

After step 7, an aliquot was taken for a ninhydrin test If the test was negative, the procedure was repeated 
from step 1 for coupling of the next amino acid. If the test was positive or slightly positive, steps 6 and 7 were 
repeated. 

The above scheme may be used for coupling each of the amino acids of the peptides described in this 
20 invention. N-protection with FMOC may also be used with any of the remaining amino acids throughout the 
synthesis. 

Radiolabeled peptides may be prepared by incorporation of a tritiated amino acid using the above coupling 
protocol. 

After the addition of the last amino acid, the N-FMOC of the N-terminal residue is removed by going back 
25 to steps 1-7 of the above scheme. The peptide resin is washed with CH 2 Ci 2 and dried in vacuo to give the crude 
protected peptide. 

Procedure 3: 

30 Deprotection and Cleavage of the Peptides from the Resin 

The protected peptide-resin was suspended in a 55% solution of trrfluoroacetic acid (TFA) in CH 2 Cl 2 , con- 
taining 2.5% ettianedithiol and 2.5% anisole. The mixture was flushed with N 2 and stirred for 1 .5 hours at room 
temperature. The mixture was filtered and the resin washed with CH 2 CI 2 . The resin was treated again with 20% 

35 TFA in CH2CI2 for 5 minutes at room temperature. The mixture was filtered and the resin washed with 20% 
TFA in CH2CI2 and then washed with CH 2 CI 2 . The combined filtrates were evaporated in vacuo below 35°C 
and the residue washed several times with dry dimethyl ether. The solid was dissolved in 10% aqueous acetic 
acid and lyophilized to afford the crude product 

The peptides containing arg and cys residues are further deprotected by HF treatment at 0°C for 1 hour in 

40 the presence of anisole and dimethylsuffide. The peptides were extracted with 10% aqueous acetic acid, 
washed with dimethyl ether and lyophilized to afford the crude peptides. 

Procedure 4: 

45 Purification of Peptides 

The crude peptides were purified by preparative HPLC on a Vydac column (2.5 X 25 mm) of C 1B or C 4 re- 
verse phase packing with a gradient of the mobile phase. The effluent was monitored at 220 nm and subse- 
quently by analytical HPLC. Relevant tractions were pooled, evaporated and lyophilized. The identity of the 
60 synthetic peptides was verified by analytical reverse phase chromatography and by amino acid analysis. 

Procedure 5: 

Conjugation of Peptides to Bovine Serum Albumin (BSA) or Keyhole Limpet Hemocyanin (KLH) 

65 

Peptides were conjugated to BSA or KLH previously derrvatized with either surfosuccinlmkJyl 4-(p-maleimi- 
dophenyi) butyrate (Sulfo-SMPB) or sulfosuccinimidyt 4-(N-maleimidomethyl) cyclohexane-1 -carboxylate (Sul- 
fb-SMCC). 
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An aqueous solution of sulfo-SMPB or sulfo-SMCC (Pierce Chemicals) was added to a solution of BSA or 
KLH in 0.02 M sodium phosphate buffer (pH 7.0). The mixture was shaken at room temperature for 45 minutes 
and the activated carrier immediately applied to a Sephadex G-25 column equilibrated with 0.1 M sodium phos- 
phate buffer (pH 6.0) at 4°C. 

5 The fractions of the first peak absorbance (280 nm) corresponding to activated carrier were combined in 
a round bottom flask to which was added a solution of peptide In 0.05 M sodium phosphate buffer (pH 6.2). 
The mixture was thoroughly flushed with N 2 and incubated overnight at room temperature. The coupling effi- 
ciency was monitored using 3 H-labeled peptide and by amino acid analysis of the conjugate. 

10 Procedure 6: 

Detection of Antibodies to HCV by an Enzyme Linked Immunosorbent Assay (EUSA) 

Each well of the microtiter plate was saturated with 100uJ of a solution (filtered 0.05 M carbonate-bicarbo- 

15 nate buffer, pH 9.4 ± 0.2) containing a peptide or mixture of peptides (10 ug/ml) and left overnight Preferably, 
we use an Oster Bay Versafil dispensing system to fill the wells. The wells were emptied (preferably by aspi- 
ration) and washed twice with a washing buffer (Na CI, 0.15M; NaH 2 P0 4 , 0.060M; thlmerosaJ, 0*01% and Tween 
20, 0.05%; pH 7.4 (0.3 mL/well)). The wells were then saturated with 0.35 ml of washing buffer for 1 hour at 
37°C and washed once with the same buffer without Tween 20. After again drying for 1 hour at 37°C, the wells 

20 were ready for use. Serum samples to be analyzed were diluted with specimen buffer (sodium phosphate, 6 
mM; NaCI, 0.15 M; BSA, 2%; peptone, 1.5%; benzamidine, 80 mM; Tween 20, 1%; heat-inactivated goat serum, 
40%; thimerosal 0.01%, final pH is equal to 7.2). The wells were rinsed with washing buffer prior to the addition 
of the diluted serum sample (0. 1 ml). These were left to incubate for 30 minutes at room temperature. The wells 
were then emptied, washed twice rapidly and then once for two minutes with washing buffer. The conjugate 

26 solution (peroxidase labeled affinity purified goat antibody to human IgG, 0.5 mg in 5 ml 50% glycerol) diluted 
with 1% w/v bovine serum albumin in a solution containing Tris, 0.05 M; NaCI, 0.5 M; Tween 20, 0.05%; 
thimerosal 0.01% (pH 7.2) was added to each well (0. 1 ml) and incubated for 30 minutes at room temperature. 
The wells were then emptied and washed five times with the washing buffer. The substrate solution (3,3', 5,5'- 
tetramethyl-benzidine) (8 mg per ml of DMSO) was diluted with 100 volumes 0.1 M citrate-acetate buffer (pH 

30 5.6) containing 0.1% v/v of 30% H 2 0 2 and added to each well (0.1 ml per well). After 10 minutes, the contents 
of each well were treated with 0.1 ml 2N H 2 S0 4 and the optical density read at 450 nm, All determinations were 
done in duplicate. 

Using general procedures substantially as described above, the specific peptides outlined In Figure 3 were 
prepared. These peptides were then evaluated for their ability to detect HCV-specific antibodies. 

35 

Experiment 1 

In Experiment 1 individual peptides were solubilized at a final concentration of 10 ug/ml in 0.05M sodium 
carbonate-bicarbonate buffer (pH 9,6), The wells were then treated as described in procedure 6. 
40 A panel of 25 anti-HCV reactive serum and plasma samples from Boston Blomedica Inc. (BBI) was used. 
Table 1 illustrates the antigenic reactivity of nine synthetic peptides covering different sequences of the core 
protein of HCV. 
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The results represent signal to cutoff ratios. The cutoff is the average absorbency obtained with plasma 
samples drawn from three normal blood donors to which a value of 0.100 is added. A ratio £1.0 indicates a 
reactive sample. BCH-448 (SEQ ID NO: 12) and BCH-461 (SEQ ID NO; 14) were able to detect the presence 
of antl-HCV antibodies In 72% (18/25) and 80% (20/25), respectively, of the samples tested. More impressively. 

5 BCH-436 (SEQ ID NO:5) and BCH-443 (SEQ ID NO: 10) detected antibodies in 84% (21/25) of the samples 
and BCH-448 (SEQ ID NO:11) detected antibodies in 88% (22/25) of the samples screened. The most impres- 
sive results, however, were observed using BCH-423 (SEQ ID NO:1 ), BCH-437 (SEQ ID NO:6), BCH-438 (SEQ 
ID NO:7) and BCH-439 (SEQ ID NO:8), all of which could detect at least 24 out of 25 (>96%) anti-HCV reactive 
samples. Further experiments were, thus, done using BCH-423 (SEQ ID NO:1), BCH-437 (SEQ ID NO:8), BCH- 

10 438 (SEQ ID NO:7) and BCH^39 (SEQ ID NO:8) (see Experiment 3). 

Experiment 2 

Synthetic peptides with sequences covering portions of the putative envelope protein were tested as de- 
ls scribed above and using the same panel of 25 samples. 

The results represent signal to cutoff ratios calculated as described above and are displayed in Table 2. 



25 



TABLE 2 
EIA WITH SYNTHETIC PEPTIDE 



30 



35 



Sample No. BCH^427 BCH-458 BCH-429 BCH-440 BCH-430 BCH-464 
(SEQ ID (SEQ ID (SEQ ID (SEQ ID (SEQ ID (SEQ ID 
JK>:3) NO:9) NO:4> N0:15) 





N0:2) 


NO;13) 


1801-1 


0,3 


7.4 


1801-2 


0.1 


8.2 


1801-3 


0.1 


0.1 


1801^12 


0.1 


0,9 


1801-19 


0.7 


8.0 


1801-20 


0.2 


0.7 


1801-25 


0.2 


0,7 


1801-30 


0,2 


0.7 


1801-31 


0.2 


4,0 


1801-40 


0.3 


0.1 


1801-43 


0.2 


>20 


1801-58 


0.1 


7.9 


1801-59 


0.2 


0.2 


1801-61 


0.1 


8.6 


1801-63 


0.1 


8.0 


1801-81 


1.7 


3.4 


1801-82 


0.2 


10.8 


1801-83 


0.3 


16.5 


1801-86 


0.4 


4.3 


1801-90 


0.3 


1.2 


3210-119 


0.3 


6.0 


3210-127 


0.3 


1.8 


3210-223 


0.1 


1.0 


3210-464 


0.1 


0,3 


3210-748 


0.3 


>20 



1- 3 1.1 0.3 0.1 
3-3 1.5 0.3 0.1 
0-1 0.0 0.1 0,0 
0.2 0.0 0.1 0.0 
0.9 0.4 0.8 0.3 
0.2 0.2 0.2 0.1 
0.2 0.0 0.2 0.3 
0.2 0.0 0.3 0 4 
0-3 0.1 0.3 0.1 
0.5 0.1 0.2 0.1 
5.0 3.2 0.4 0.2 
04 0.3 0.3 0.0 
0-2 0.0 0.1 0.0 
0-3 0.2 0.2 0 1 

40 ?'i 80 03 0 3 0.2 0.0 

0.4 0.4 0.2 0.1 

2.3 1.3 0.3 0.2 

2- 4 1-5 1.0 0.2 
0.6 0.4 0.3 0.1 

45 03 12 04 °-2 0.3 0.8 

0.8 0.3 0.6 0.2 

08 0.2 1.1 0.1 

0.4 0.2 0.2 0.1 

0.1 0.1 0.1 0.1 

so ^J-U-/^ Q,3 >2Q 3.0 9.0 0.6 0.4 



As shown in Table 2, synthetic peptides BCH-464 (SEQ ID NO; 15), BCH-427 (SEQ ID NQ;2) and BCH-430 
(SEQ I D NO:4) are very poor antigens detecting respectively zero, one and two samples out of the panel of 25 
55 specimens. BCH-429 (SEQ ID NO:3) and BCH-440 (SEQ ID NO:9) are also poor since they only detect 6 sam- 
ples out of this 25 member panel. BCH-458 (SEQ ID N0:13), which covers a region adjacent to BCH-427 (SEQ 
ID NO:2) and partially overlaps with BCH-429 (SEQ ID NO:3), is the only reactive antigen, detecting 17 samples. 
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Experiments 

The four best synthetic peptides identified in Experiment 1 were further tested on two series of well charac- 
terized samples sold by BBI. The first panel is composed of 25 antt-HCV mixed titer samples (PHV-201) and 
the second series includes 15 low titer anti-HCV serum and plasma samples (PHV-101). The results are dis- 
played in Tables 3a and 3b, respectively. 



TABLE 3a 

EIA WITH SYNTHETIC PEPTIDE 



Sample No. Abbott Ortho BCH-423 BCH-437 BCH-438 BCH-439 

(SEQ ID (SEQ ID (SEQ ID (SEQ ID 









NO:l) 


NO:6) 


NO:7) 


N0;8) 


PHV-201 -01 


1.69(P) 


1.48(P) 


>18 


>22 




>22 


>22 


PHV-201 -02 


3.67(F) 


5.66(P) 


>18 


>22 




>22 


>22 


PHV-201- 03 


3.79(P) 


3.95(P) 


>18 


>22 




>22 


>22 


PHV-201 -04 


0.27(N) 


0.18(N) 


0.39 


0. 


11 


0.10 


0,15 


PHV-201- 05 


3.42(P) 


2.59(F) 


>18 


>22 




>22 


>22 


PHV-201-06 


3.71<P) 


4,81(P) 


>ie 


>22 




>22 


>22 


PHV-201 -07 


0.26(N) 


O.U(N) 


0.39 


0. 


27 


0.29 


0.31 


PHV-201 -08 


1.52(F) 


1.24(1) 


1.17 


1. 


63 


3.53 


2.54 


PHV-201- 09 


2.53<P) 


1.27(P) 


>18 


>22 




>22 


>22 


PHV-201 -10 


2.17(P) 


2.74(1) 


12.38 


0. 


33 


1.59 


0.87 


PHV 201^11 


2.88(P) 


2.17(F) 


>18 


>22 




>22 


>22 


PHV~ 201-12 


3.64(P) 


4,77(P) 


14,92 


15, 


51 


20,39 


>22 


PHV-201- 13 


4.12(P) 


5.66(F) 


>18 


>22 




>22 


>22 


PHV-201-14 


2.67(F) 


4.30(P) 


>18 


>22 




>22 


>22 


PHV-201 -15 


4.12(P) 


5.66(F) 


>18 


>22 




>22 


>22 


PHV-201-16 


4.12(F) 


5.66(P) 


>18 


>22 




>22 


>22 


PHV-201-17 


4.12(P) 


5.66(P) 


>18 


>22 




>22 


>22 


PHV-201-18 


3.54(P) 


3.94(F) 


14,46 


>22 




>22 


>22 


PHV-201-19 


0.50(N) 


1.53(N) 


0.18 


0. 


52 


0.67 


0.90 


PHV-201-20 


2.61(P) 


2.38(P) 


1.11 


1. 


72 


1.90 


2.34 


PHV-201-21 


3.43(P) 


2.67(P) 


>18 


>22 




>22 


>22 


PHV-201-22 


1.72(F) 


1.69(P) 


13.69 


13, 


63 


19.48 


>22 


PHV-201-23 


4.12(F) 


5.66(P) 


>18 


>22 




>22 


>22 


PHV-201-24 


2.50(F) 


2.63(P) 


>18 


>22 




>22 


>22 


PHV-201-25 


4.12(P) 


5.66(P) 


>18 


>22 




>22 


>22 
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TABLE 3b 



10 



15 



20 



Sample No. 



PHV- 101 -02 
PHV- 101-03 
PHV- 101 -OA 
PHV- 101 -05 
PHV- 101-06 
PHV-101-07 
PHV -101 -08 
PHV- 101-09 
PHV- 101 -10 
PHV- 101 -11 
PHV-101-12 
PHV- 101 -13 
PHV- 101 14 
PHV- 101 -15 



EIA WITH SYNTHETIC PEPTIDE 



Abbott Ortho 



0.17(N) 
1.88(P) 
1.76(P> 
3.40(F) 
1.64(P) 
2.28(P) 
3.01(F) 
1.86(P) 
3.65(F) 
0.66(P) 
3.02(F) 
2.80(F) 
1.9l(P) 
3.69(P) 



BCH-423 
(SEQ ID 
NO:l) 



BCH-437 
(SEQ ID 



BCH-438 
(SEQ ID 



BCH-439 
(SEQ ID 



0.27(N) 
1.32(N) 
3.08(P) 
2,17(N) 
1.64(P) 
1.62(P> 
1.59(P) 
1.12(P) 
3.10(P) 
1.82(P) 
2.20(P) 
2.77(P) 
0.85(P) 
3.24(P) 



0.30 


0. 


18 


0.20 


0 


1.51 


0. 


63 


1.30 


1 


>18 


>22 




>22 


>21 


2.03 


0. 


85 


2,04 


2 


>18 


>22 




>22 


>21 


17,3 


>22 




>22 


>21 


>18 


>22 




>22 


>21 


>18 


>22 




>22 


>21 


>18 


>22 




>22 


>21 


16.7 


>22 




>22 


>21 


15.5 


>22 




>22 


>21 


>18 


>22 




>22 


>21 


>18 


>22 




>22 


>21 


>18 


>22 




>22 


>21 



,24 
61 

73 



All results are expressed as specimen absorbance to cutoff ratios. Ratios £1.0 are considered reactive. 
25 The data under "Abbott" and "Ortho" are provided by BBI to customers buying their anti-HCV mixed titer per- 
formance panel, The letters P, N and I inside the parentheses stand respectively for "Positive", "Negative" and 
"Indeterminant - ; this data were obtained with these manufacturer's confirmatory EIA or RIB A 2.0 kits and pro- 
vided by BBI with the panel. 

Samples 4, 7 and 19 (Table 3a) are considered anti-HCV negative even though Ortho's EIA gave a low 
30 positive signal with sample 1 9. Samples 8 and 10 were found "indeterminanr by the supplementary Ortho RIBA 
2.0 test These samples were found positive with our synthetic peptides with the exception of sample 10 which 
tests negative with BCH-437 (SEQ ID NO:6) and BCH-439 (SEQ ID NO:8). In general, it can be seen that the 
strongest positive signals are obtained with BCH-438 (SEQ ID NO:7) and BCH-439 (SEQ ID NO:8). 

This anti-HCV low titer performance panel shown in Table 3b only includes samples which gave signal to 
55 cutoff ratios of less than 4.0 using at least one of the two licensed test kits. Sample 2 was found negative by 
all tests and all synthetic peptides and is thus considered as truly negative. Samples 3 and 5 could not be con- 
firmed positive with the RIBA 2.0 supplementary kit. Peptides BCH-423 (SEQ ID NO:1), BCH-438 (SEQ ID 
NO:7) and BCH-439 (SEQ ID NO:8) were able to detect these samples as positive. In all other cases, the signal 
to cutoff ratios measured with the BCH-423 (SEQ ID NO:1 ), BCH-437 (SEQ ID NO:6), BCH-438 (SEQ ID NO:7) 
40 and BCH-439 (SEQ ID NO;8) were much higher than those measured with the two commercially available ElAs. 

The results obtained with these two panels on well characterized samples indicate that of the synthetic pep- 
tides tested, BCH-423 (SEQ ID NO:1), BCH*438 (SEQ ID NO:7) and BCH-439 (SEQ ID NO:8) are consistently 
better than the commercially available anti-HCV tests. Our peptides pick up difficult low-titer samples easily 
with a high signal to cutoff ratio. 

45 

Experiment 4 

The aim of this experiment was to measure the specificity of the four preferred synthetic peptides towards 
HCV antibodies. To accomplish this, a group of samples (serum and plasma) was collected from 63 normal 
so blood donors. Table 4 summarizes the data obtained when each of these four peptides was tested on this panel 
of seronegative samples. 
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EIA WITH SYNTHETIC PEPTIDE 



BCH-423 BCH-437 BCH-438 BCH-439 
(SEQ ID (SEQ ID (SEQ ID (SEQ ID 



Mil) NO: 6) N0:7) N0:8) 

Number of samples 

tested: 63 63 63 



63 



Number of samples 

found reactive: 5 0 0 H 

Average absorbency 
value measured on 
the non- reactive 

samples: 0,075 0.028 0.050 0.052 

20 Standard deviation (n)0. 037(58) 0.017(63) 0.040(63) 0.027(52) 



Table 4 shows that BCH-437 (SEQ ID NO:6) and BCH-438 (SEQ ID NO:7) were 100% accurate, in that 
25 neither detected a positive result in any of the 63 seronegative samples. BCH-423 (SEQ ID NO:1) was 92% 
accurate and BCH-439 was 82% accurate in their assessment of the seronegative samples. Thus, it appears 
that the amino acid sequence "MSTNP", present on BCH-423 (SEQ ID NO:1) and BCH-439 (SEQ ID NO:8) 
but absent from BCi+437 (SEQ ID NO:6) and BCH-438 (SEQ ID NO:7), might be responsible for the "false 
positive" results obtained with BCH-423 (SEQ ID NO:1) and BCH439 (SEQ ID NO:8). 

30 

Experiment 5 

The most preferred peptide of this invention, BCH-438, was tested in association with three other synthetic 
peptides (BCH-446 (SEQ ID NO;11), BCH-448 (SEQ ID NO:12) and BCH-461 (SEQ ID NO:14)), all of which 

35 recognized a majority of the anti-HCV seropositive samples screened in Experiment 1 . When tested alone, the 
concentration of each synthetic peptide was 10 ug/ml. The concentration of BCH-438 in the mixtures was 6.7 
ug/ml and the second peptide was present at a concentration of 3.3 ug/ml. Some samples, as indicated, were 
diluted 50-, 200- , 1 000- or 2000-fold using the same sample dilutent as before (see Experiment 1 for protocol). 
Dilution allowed for a more accurate determination of the gain in sensitivity observed with some of the peptide 

40 mixtures. 
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Table 5 shows that mixtures of BC KM 38 (SEQ ID NO;7) in association with BCH-446 (SEQ ID NO:1 1), BCH-446 
(SEQ ID NO:12) or BCH-461 (SEQ ID NO: 14) detect an equal or higher signal to cutoff ratio for 81%, 88% and 
85%, respectively, of the seropositive samples tested as compared to the ratio obtained using BCH-438 (SEQ 
ID NO:7) alone. The increase in sensitivity observed with the BCH-438 (SEQ ID NO:7)/BCH-461 (SEQ ID 

5 NO:14) mixture is especially noteworthy, Several samples found to be low-positive with BCH-438 (SEQ ID 
NO:7) alone (e.g., 1801-81, 1801-86 and PHV-201-20) have significantly augmented signals when tested with 
the BCH-438 (SEQ ID NO:7)/BCH-461 (SEQ ID NO:14) mixture. 

While we have herein before presented a number of embodiments of this invention, it is apparent that our 
basic construction can be altered to provide other embodiments which utilize the processes and compositions 

io of this invention. Therefore, it will be appreciated that the scope of this invention is defined by the claims ap- 
pended hereto rather than by the specific embodiments which have been presented hereinabove by way of 
example. 
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SEQUENCE LISTING 



(1) GENERAL INPOBMftETON: 

(i) applicant: Iacroix, Martial 

(U) TITLE OF INVENTION: ffiPTIEES AND HDCZURBS THEREOF B» 
IEIBCTDIG ANTIBODIES TO HEPATITIS C VIRUS (HCV) 

(ill) NUMBER OF SEQUENCES; 17 

(iv) OOfRRESFGNIXNCE AECRESS; 

(A) ADDRESSEE: FISH & NEAVE 

(B) STREET: 875 Third Avenue 

(C) CMY: New York 

(D) STA3E: New York 

(E) OCtlNIRY: USA 

(F) ZIP: 10022 

(v) OOKBJTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) OOMHJIER; IBM pc ocqpatittLe 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.25 

(Vi) CURRENT APPIJCftlTCN DAXA: 

(A) APPLICATION NUMBER: 

(B) FUJNG DATE: 

(C) CXASSOTCAITGN: 

(Viii) A3TOKNEV/AGENT INF01WATICN: 

(A) NAME: Haley Jr. , James F. 

(B) REGISTR ATION NUMBER: 27,794 

(C) KEFEKEWCE/DOCKEr NUMBER: IAF-10 

(ix) TEI£O^ML^JICAIT0N INFCSWOTCN: 

(A) TEIEEHONE: (212) 715-0742 

(B) TELEFAX: (212) 715-0673 

(C) TELEX; 14-8367 



(2) INFORMATION FDR SEQ ID N0:1; 

(i) SEQUENCE CHARACTERISTICS: 

(A) UHGIH: 26 amino acids 

(B) TYPE: amino acid 

(C) STRANBEENESS: sirgle 

(D) TOPOLOGY: linear 

(ii) miEOJIE TYPE: peptide 
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(xi) SEQUENCE CeSGRtPnON: SBQ ID N0:1: 

15 



1 5 



10 



Arg Arg Pro Gin Asp Val D^s Phe Pro Gly 
20 25 

(2) mpOBMRTION FCR SBQ ID NO:2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) IBX3XH: is amino acids 

(B) TYPE: amino acid 

(C) STRANDETNESS: single 

(D) TOPOIggY: linear 

(ii) MDIBOUIE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SBQ ID NO:2: 

Ala Tyr Glu Val Atg Asn Val ser Gly lie Tyr His val Thr Asn Asp 

Ser Ser 



(2) INFORMATION FOR SBQ ID NO: 3: 

(i) SBQPENCE CHftRACHJEI^^ 

(A) LENGHH: 22 amino acids 

(B) TOTE: amino acid 

(C) S3RANDEENESS: single 

(D) TOFOIOCT: linear 

(ii) M3LECUI£ TYPE: peptide 

(xi) SEQMiCE EESCRIPITCN: SBQ ID ND:3: 

His Ala Pro Gly Ser Val Etc ser Val Arg Glu Asn Asn Ser Ser Arg 



cys Trp val Ala Leu Thr 
20 



(2) INFORMATION FOR SEQ ID N0:4: 

(i) SEQUENCE OffiRACTERISTICS; 

(A) imnHx 22 amino acids 

(B) TYPE: amino acid 
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(C) Sra&NOECNESS: single 

(D) TOFOIOGtf: linear 

(tt) M3EECULE TYPE: peptide 

(Xi) SBSJENCE OSSCRIPnaN: SBQ ID N0:4: 

Gly ser Val Ite Leu lie Ser Gin lax tte Ihr Hie Ser Pro Atg Arg 
1 5 10 is 



His Glu Ihr Val Gin Asp 
20 

(2) INFOTMAIICN FOR SBQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) I£MSIH: 13 amino acids 

(B) THE: amino acid 

(C) SIRANDEENESS: single 

(D) TDFOI0GY: linear 

(il) MOIECUIE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SBQ ID NO: 5: 

Pro Gin Asp Val Iys Ifae Pro Gly Gly Gly Gin lie Val 
1 5 io 

(2) INFORMATION FOR SBQ ID NO: 6: 

(i) SEQUQK& CHARACTERISTICS: 

(A) inxzmt 20 amino acids 

(B) TYPE: amino acid 

(C) STOANCECKESS: single 

(D) TOfOIOCT: linear 

(ii) MDLEXUIE TOTE: peptide 

(xi) SBGPENCE EESCIRimCN: SBQ ID N0;6: 

lys Arg Asn Thr Asn Arg Arg Pro Gin Asp Val Iys Bie Pro Gly Gly 
1 5 io 15 



Gly Gin He Val 
20 



(2) INPOPMATICN PGR SBQ ID NO: 7: 

(i) SEQUENCE CTORACTERISTICS: 

(A) IENGIH: 26 amino acids 

(B) TYPE; ffltdno acid 

(C) S1BANEEDNESS: single 
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(D) TOPOKGY: linear 
(ii) miBJJlE TYPE: peptide 
(xi) SEQUENCE raSCRIPITCN: SEQ ID NO: 7: 
lysProGlnArgl^TlirlysArgAsnlto 
15 io 15 

Val Lys Hie Pro Gly Gly Gly Gin lie Val 
20 25 

(2) INFOTMATXCN FOR SEQ ID WO: 8: 

(1) SEQUENCE CHARACTERISTICS r 

(A) IfWGffl: 31 amino acids 

(B) TYPE: amino acid 

(C) SIFANDEENESS: single 

(D) TOFOIOGY: linear 

(ii) M3I£CUI£ TOPE: peptide 
(») SEQUENCE CESCMJPTION: SEQ ID ND:8: 

Met ser Thr Asn Pro lys Pro Gin Arg l#s Hxr lys Arg Asn Ihr Asn 
1 5 io 15 

ArgArgProGlnAspVallyslfcePEO Gly Gly Gly Gin lie Val 
20 25 30 

(2) INFORMATION PGR SEQ ID NO: 9: 

(i) SEJQIHNCE OlARACIERISTICS: 

(A) I£NGIH: 29 amino acids 

(B) TYPE; amino acid 

(C) STRANEETNESS: single 

(D) TOFOI0GY: linear 

(ii) MOimJIE TYPE: peptide 
(xi) SEQUENCE DESCRIPrrCiN: SEQ ID NO: 9: 

Ihr Ihr Leu Arg Arg His Val Asp Leu Dai Val Gly Thr Ala Ala Phe 
15 10 15 

Cys Ser Ala Met Tyr Val Gly Asp Leu Cys Gly Ser Val 
20 25 

21 
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(2) iNKJwmrrai for sbq id no:io: 

(i) SEQUENCE CHARACTERISTICS: 

(A) IBXSm: 27 amino acids 

(B) THE: amino acid 

(C) gPRftNTECHESS; single 

(D) TOPOIDGW: linear 

(ii) M3LBCUIE THE: peptide 
(xi) SBCWEWCE DESCRIPTION: SBQ ID NO: 10: 
Ai^GlySerj^ProSerTiT<aYP^ 
1 5 io 



15 



tag Asn l£u Gly Iys Val lie Asp Thr Lai ihr 

20 25 



(2) INFORMATION FOR SBQ ID NO: 11: 

(i) SEQUENCE CHARACTQOSIICS: 

(A) IQlGriH: 24 amino acids 

(B) TOTE: amino acid 

(C) S1RANDECNESS: single 

(D) TOPOIOCT: linear 



(ii) MDIEOJIE TYPE: p^tlde 

(xi) SEQUENCE DESCRIPTION: SBQ ID NO: 11: 

lys ae Pro Gly Gly Gly Gin lie Val Gly Gly Val Tyr Leu Leu Pro 



15 io 



Arg Arg Gly Pro Arg Leu Gly Val 
20 



15 



(2) INKEWMCICN FOR SBQ ID N0:12: 

(i) SEQJENCE OfcRACTERISmcS: 

(A) 23 amino acids 

(B) TOTE: amino acid 

(C) STRANDEENESS: single 

(D) TOPOUDGY: linear 

(ii) WDLECUIE TOTS; pej?tide 

(XI) SEQUENCE DESCRIPTION: SBQ ID ND:12: 

Aig Gly Arg Arg Gin Pro lie Pro lys Ala Arg Arg Pro Glu Gly Arg 
15 10 is 
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Thr Trp Ala Gin Pro Gly oyr 
20 



(2) INPCWimaN FOR SEQ ID NO: 13: 

(i) SEQUENCE <3HARAC!mi[STICS: 

(A) XENSffi: 22 amino acids 

(B) TYPE: amino acid 

(C) S13RANCECNESS: single 

(D) TOP0IT3GY: linear 

(ii) mUEOJIE TYTO: peptide 

(Xi) SEQUENCE INSCRIPTION: SEQ ID NO: 13: 

Ser Sear He Vial lyr Glu Ala Ala Asp \^bL1 lie Met His Ala Pro Gly 
15 10 15 



Ser Val Pro Ser Val Arg 
20 



(2) INKEMAIICN FOR SBQ ID 110:14; 

(i) SEQUENCE CHARACraKESTICS: 

(A) IfittXH; 25 amino acids 

(B) TYPE: amino acid 

(C) SORANEEENESS: single 

(D) TOPOLOGY: linear 

(ii) MOIECUIE TOTE: peptide 
(Xi) SEQUENCE DESCRIPTION: SBQ ID N0:14: 

Gly Pro Arg Ibu Gly Val Arg Ala Thr Arg Iys Ihr Ser Glu Arg Ser 
1 5 io ^ 



Gin Pro Arg Gly Arg Arg Gin Pro He 
20 25 



(2) INFORMATION FOR SBQ ID NO: 15: 

(1) SEQUENCE CHARACTERISTICS: 

(A) IfNSiM: 23 amino acids 

(B) TYPE: amino acid 

(C) SIHANEeiiBSS: single 

(D) TOPOLOGY: linear 

(ii) miEOJlE TYPE: peptide 
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(xi) SE&mCB OESCSIPnCN: SBQ 3D NO: 15: 

Ihr Ala Ala Leu Val Val Ser Gin Leu Leu Arg lie Pro Gin Ala Val 
15 10 is 



Mat Asp Met Val Ala Gly Ala 
20 



(2) INHftMKFIGf? FOR SBQ 3D NO: 16: 

(1) SEQUENCE CHARACTERISTICS: 

(A) IZNG7IH: ISO amino acids 

(B) TYPE: amino acid 

(C) STOANDECNESS: single 

(D) TOPOLOGY: linear , 

(11) MDIECULE TYPE: peptide 
(Xi) SEQUENCE DESCRIPTION: SBQ ID NO: 16: 

Met Ser Thr Asn Pro Iys Pro Gin Arg lys Thr lys Arg Asn Thr Asn 
15 io is 

Arg Arg Pro Gin Asp Val Iys Ihe Pro Gly Gly Gly Gin lie Val Gly 

20 25 30 

Gly Val Tyr Leu Leu Pro Arg Arg Gly Pro tag Leu Gly Val Arg Ala 
35 40 45 

Thr Arg Iys Thr Ser Glu Arg Ser Gin Pro Arg Gly Arg Arg Gin Pro 
50 55 60 

lie Pro Iys Ala Arg Arg Pro Glu Gly Arg Thr Trp Ala Gin Pro Gly 
65 70 75 80 

Tyr Pro Trp Pro Ibu Tyr Gly Asn Glu Gly Leu Gly Trp Ala Gly Trp 
85 90 95 

Leu Leu Ser Pro Arg Gly Ser Arg Pro ser Trp Gly Pro Asn Asp Pro 
100 105 110 
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Arg Arg Acq Ser Arg Asn Leu Gly Iys Val He Asp Ihr Leu Thr cys 

115 120 325 

Gly Ehe Ala Asp Leu Met Gly Tyr lie Pro Leu Val Gly Ala Pro Leu 
130 135 140 

Gly Gly Ala Ala Atg Ala Leu Ala His Gly Val Arg Val Leu Glu Asp 
145 150 155 160 

Gly Val Asn Tyr Ala Ihr Gly Asn lau Pro Gly Cys Ser flhe Ser He 
i 165 170 175 

Hie Leu Leu Ala Leu Leu Ser Cys Leu Ihr lie Pro Ala Ser 
180 185 190 

(2) measmnax forseqjd no:17: 

(1) SEQUENCE CHARACTERISTICS: 

(A) IJ2NGIH: 190 amino acids 

(B) the: amino acid 

(C) sraANOETKES^s single 

(D) TOPOLOGY: linear 

(ii) MDIBCUDB TOPE: peptide 
(xi) SBQUENOS DESCRIPTION: SBQ ID NO: 17: 

Ala Tyr Glu Val Arg Asn Val Ser Gly lie Tyr His Val Thr Asn Asp 
15 10 15 

cys Ser Asn Ser Ser lie Val Tyr Glu Ala Ala Asp Val lie Met His 
20 25 30 

Ala Pro Gly Cys Val Pro Cys Val Arg Glu Asn Asn Ser Ser Arg Cys 
35 40 45 

Trp Val Ala Leu Ihr Pro Thr Leu Ala Ala Arg Asn Ala Ser Vail Pro 
50 55 60 
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Thr Ihr Thr Leu Arg Arg His Val Asp Leu Leu Val Gly Thr Ala Ala 
65 70 75 80 

Hie cys ser Ala Met Tyr Val Gly Asp Leu cys Gly Ser val Hie Leu 
85 90 95 

He Ser Gin Leu Hie Ihr Hie Ser Pro Arg Arg His Glu Thr Val Gin 
100 105 110 

Asp Cys Asn Cys Ser He Tyr Pro Gly His Val Ser Gly His Arg Met 
115 120 125 

Ala Trp Asp Met Met *tet Asn Trp Ser Pro Uir Ala Ala X^eu Val Val 
130 135 140 

Ser Gin Leu Leu Arg He Pro Gin Ala Val Met Asp Met Val Ala Gly 
145 150 155 160 

Ala His Trp Gly Val Leu Ala Gly Leu Ala Tyr Tyr ser Met Val Gly 
165 170 175 

Asn Trp Ala Iys Val Leu lie Val Met leu leu Hie Ala Gly 
180 185 190 

Claims 

1. A peptide selected from the group consisting of: 
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(SEQ ID N0:1) a - MSTNPKKJRKTKRNTNRRPQDVKFPG - b (BCH-423) 

(SEQ ID NO: 5) a- FQDVKFPGGGQIV-b (BCH-436) 

(SEQ ID NO: 6) a - KRNTNRRPQDVKFPGGGQI V - b (BCH-437) 

(SEQ ID NO: 7) a-KPQRKTKRNTNRRPQDVKFPGGGQIV-b (BCH-438) 

(SEQ ID NO: 8) a-MSTNPKPQRKTKRNTNRRPQDVKFPGGGQIV-b (BCH-439) 

(SEQ ID NO: 10) a-RGSRPSWGPlH)PRRRSRNLGKVIDTLT-b (BCH-443) 

(SEQ ID NO: 11) a - KFPGGGQI VGGVY1XPRRGPRLGV - b (BCH-446) 

(SEQ ID NO: 12) a-RGRRQPIPKARRPEGRTWAQPGY-b (BCH-448) 

(SEQ ID NO: 14) a * GPRLGVRATRKTSERSQPRGRRQPI -b (BCH-461) 

(SEQ ID NO: 13) a-SSIVYEAADVIMHAPGSVPSVR-b (BCH-458) 

and analogues thereof; and 

a peptide having the formula 

a-X-c-Z-b 

wherein: 

X and Z are independently selected from the group of amino acid sequences consisting of: 

(SEQ ID N0:1) -MSTNPKPQRKTKRNTNRRPQDVKFPG- (BCH-423) 

(SEQ ID NO: 5) -PQDVKFPGGGQIV- (BCH-436) 

(SEQ ID N0:6) * KRNTNRRPQDVKFPGGGQI V - (BCH-437) 

(SEQ ID NO: 7) -KPQRKTKRNTNRRFQDVKFPGGGQIV- (BCH-438) 

(SEQ ID NO: 8) - M STNPKPQRKTKRNTNRRPQD VXFPGGGQ IV - (BCH-439) 

(SEQ ID NO: 10) -RGSRPSWGPNDPRRRSRNIjGKVIDTLT- (BCH-443) 

(SEQ ID NO:ll) - KFPGGGQI VGGVYLLPRRGPRLGV - (BCH-446) 

(SEQ ID NO: 12) - RGRRQPIPKARRPEGRTWAQPGY - (BCH-448) 

(SEQ ID NO: 14) -GFRLGVRATOKTSERSQPRGRRQPI- (BCH-461) 

(SEQ ID NO: 13) - SSIVYEAADVIMHAPCSVPSVR- (BCH-458) 

analogues thereof and fragments thereof comprising blocks of at least six consecutive amino acids of the 
amino acid sequences of X and Z and their analogues; 

a is an amino terminus, one to eight amino acids or a substituent effective to facilitate coupling or 
to improve the immunogenic or antigenic activity of the peptide; and 

b is a carboxy terminus, one to eight amino acids or a substituent effective to facilitate coupling or 
to improve the immunogenic or antigenic activity of the peptide; and 

c, if present, is a linker of one or two amino acids of a substituent effective to facilitate coupling of 
the two peptides of the tandem or to Improve the immunogenic or antigenic activity of the tandem peptide. 

A peptide selected from the group consisting of: 

(SEQ ID N0:1) a - MSTNPKPQRKTKRNTNRRPQDVKFPG - b (BCH-423) 

(SEQ ID NO: 6) a - KRNTNRRPQDVKFPGGGQIV -b (BCH-437) 

(SEQ ID NO: 7) a - KPQRKTKRNTNRRPQDVKFPGGGQI V- b (BCH-438) 

(SEQ ID NO: 8) a - MSTNPKPQRKTKRNTNRRPQDVKFPGGGQI V - b (BCH-439) 

wherein: 

a is an amino terminus, one to eight amino acids or a substituent effective to facilitate coupling or 
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to improve the immunogenic or antigenic activity of the peptide; and 

b is a carboxy terminus, one to eight amino acids or a substituent effective to facilitate coupling or 
to improve the immunogenic or antigenic activity of the peptide. 

3. A peptide having the formula: 

(SEQ ID NO: 7) a - KI^RKTKENTNRRPQDVKFPGGGQIV -b (BCH-438) 



wherein: 

a is an amino terminus, one to eight amino acids or a substituent effective to facilitate coupling or 
to improve the immunogenic or antigenic activity of the peptide; and 

b Is a carboxy terminus, one to eight amino acids or a substituent effective to facilitate coupling or 
to improve the immunogenic or antigenic activity of the peptide. 

4. A mixture comprising more than one peptide according to any one of claims 1 to 3. 

5. A mixture comprising peptides of the formula: 

(SEQ ID NO: 7) a-KIH}RKTKRNTmRPQDVXFPGGGQIV-b (BCH-438) 
and 

(SEQ ID NO: 14) a-GPRLGVRATRKTSERSQPRGRRQPI-b (BCH-461) 



wherein: 

a is an amino terminus, one to eight amino acids or a substituent effective to facilitate coupling or 
to improve the immunogenic or antigenic activity of the peptide; and 

b is a carboxy terminus, one to eight amino acids or a substituent effective to facilitate coupling or 
to improve the immunogenic or antigenic activity of the peptide. 

6. A means for detecting the presence of HCV associated antibodies in an analyte, the means being charac- 
terized by a peptide according to claim 1 , 2 or 3 or a mixture thereof according to claim 4 or 5. 

7. A method for detecting the presence of HCV associated antibodies In an analyte comprising the step of 
contacting an aliquot of the analyte with a peptide according to claim 1 , 2 or 3 or a mixture thereof according 
to claim 4 or 5. 

8. The method according to claim 7 selected from a group consisting of EUSA, hemagglutination, single-dot 
and multi-dot assays. 

9. An antibody immunologically cross reactive with a peptide selected from the group consisting of peptides 
according to claim 1 , 2 or 3 and mixtures of those peptides according to claim 4 or 5 or a mixture of said 
antibodies. 



10. The antibody according to claim 9, the antibody being a monoclonal antibody or a mixture of said mono- 
clonal antibodies. 



11. A means for detecting the presence of HCV antigens in an analyte, the means being characterized by an 
antibody according to claim 9 or 10. 

12. A method for detecting the presence of HCV antigens in an analyte comprising the step of contacting an 
aliquot of the analyte with an antibody according to claim 9 or 10. 

13. A pharmaceutlcally acceptable composition comprising a peptide according to claim 1 ( 2 or 3 or a mixture 
according to claim 4 or 5, said peptide or mixture being present in the composition in an amount effective 
in a mammal, to raise antibodies sufficient to protect the treated mammal from HCV viral infections for a 
period of time, 

14. The composition according to claim 13 including a physiologically acceptable carrier. 
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15. The composition according to claim 13 including an adjuvant or enhancer of the Immune response. 

16. The composition according to claim 13 Including a second antigen to a pathogen other than HCV virus, 
said antigen being present in an amount effective to raise antibodies sufficient to protect the treated manv 

5 mal from infection by that pathogen for a period of time. 

17. A method of protecting a mammal, including a human, from HCV infection, comprising the step of treating 
the mammal in a phaimaceutically acceptable manner with a composition according to any one of claims 
13 to 16, 

10 



15 



20 



25 



30 



35 



40 



45 



60 
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FTGUBE 1* Amino acid sequence of the putative core gene 
product of HCV (SEQ ID NO: 16) . 

1 
I 

MSTNPKPQRKTKRNTNMIPQDVKFPGGGQI^ 

lerSERSQPRGRRQPIPKARRPEGRTWAQPGYPWPLYGNEGIXSWAGWLLSP 

RGSRPSWGPNDPRI^SRNLGKVIDTLTCGFADIWGYIPLVGAPLGGAA^ 

190 

LAHGVRVLEDGVNYATGNLPGCSFSIFIJLALLSCLTIPAS 
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FIGlfRE 2 . Amino acid sequence of the putative envelope 
gene product of HCV (SEQ ID NO: 17) * 

191 
I 

AYEVTO^SGIYHVTNDCSNSSIVYEAADVIMHAPGCVPCVRENNSSRCWV 



ALTPTLAAIWASVPTTTLRRHVDLLVGTAAFCSAMYVGDLCGSVFLISQL 



FTFSPRRHETVQDCNCSIYPGHVSGHRMAWDMMMNWS 

380 
I 

QAVMDMVAGAHWGVLAGLAYYSMVGNWAKVLIVMLLFAG 
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FIGPBg .J.. Amino acid sequences of the synthetic 

peptides BCH-423, BCH-427, BCH-429, BCH-430, 

BCH-436, BCH-437, BCH-438, BCH-439, BCH-440, 

BCH-443, BCH-446, BCH-448, BCH-458, BCH-461 

and BCH-464 

1 26 
I | 
(SEQ ID NO: 1) -MSTNPKPQRKTKRNTNRRPQDVKFPG - (BCH-423) 

191 208 

I I 
(SEQ ID NO: 2) - AYEVRNVSGIWVTNDSS - (BCH 427) 

222 243 

I | 
(SEQ ID NO: 3) -HAPGSVPSVRENNSSRCWVALT- (BCH 429) 

282 303 

(SEQ ID NO: 4) -GSVFLISQLFTFSPRRHETVQD- (BCH 430) 

19 31 
I I 

(SEQ ID NO: 5) -PQDVKFPGGGQIV- (BCH-436) 

12 31 

I I 

(SEQ ID NO: 6) -KRNTNRRPQDVKFPGGGQIV- (BCH-437) 

6 31 
(SEQ ID NO: 7) -KPQRKTKRNTNRRPQDVKFPGGGQIV- (BCH-438) 

1 31 

I | 

(SEQ ID NO: 8) -MSTNPKPQRKTKRNTNRRPQDVKFPGGGQIV- (BCH-439) 

256 284 

I | 
(SEQ ID NO: 9) - TTLRRHVDLLVGTAAFCSAIWVGDLCGSV (BCH 440) 

101 127 

I | 
(SEQ ID NO: 10) -RGSRPSWGPNDPRRRSRNLGKVIDTLT- (BCH-443) 

23 46 

I I 
(SEQ ID NO: 11) -KFPGGGQIVGGVYLLPRRGPRLGV- (BCH-446) 

59 81 

I I 

(SEQ ID NO: 12) -RGRRQPIPKARRPEGRTWAQPGY- (BCH-448) 
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210 231 

I I 
(SEQ ID NO: 13) -SSIVYEAADVIMHAPGSVPSVR- (BCH-458) 

41 65 

I I 

(SEQ ID NO: 14) - GPRIXJVRATRKTS ERSQPRCRRQP I - (BCH-461) 

329 351 

I | 

(SEQ ID NO: 15) - TAALWSQLLRI PQAVMDMVAGA- (BCH 464) 
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